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A Paradigm Shift in Lingual Orthodontics – Literature Review
Abstract
During the past decades, environments surrounding orthodontics have dramatically been changed.
Demands for esthetics from patients are becoming more and more, and the number of patients who want
to have invisible treatment has been increasing, especially in Europe and Asian countries. The lingual
orthodontic therapy though started in 1972, could not be popular until the beginning of 1990. So far, the
biggest changes in technical aspects of lingual orthodontics include development of patient and
orthodontist friendly lingual treatment system with new appliances and digital technology for
computerized treatment plan modeling and wire bending. Lingual orthodontics is no longer difficult nor
complicated technique. We are now entering new era of lingual orthodontics. The purpose of this article
is to review the history, biomechanics, accuracy, caries outcome and patient’s perspective of lingual
orthodontics.
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A Paradigm Shift in Lingual Orthodontics –
Literature Review
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During the past decades, environments surrounding orthodontics have dramatically been changed. Demands
for esthetics from patients are becoming more and more, and the number of patients who want to have invisible
treatment has been increasing, especially in Europe and Asian countries. The lingual orthodontic therapy though
started in 1972, could not be popular until the beginning of 1990. So far, the biggest changes in technical
aspects of lingual orthodontics include development of patient and orthodontist friendly lingual treatment
system with new appliances and digital technology for computerized treatment plan modeling and wire bending.
Lingual orthodontics is no longer difficult nor complicated technique. We are now entering new era of lingual
orthodontics. The purpose of this article is to review the history, biomechanics, accuracy, caries outcome and
patient’s perspective of lingual orthodontics. (J. Taiwan Assoc. Orthod. 25(4):196-203, 2013)
Key words: lingual orthodontics, customized brackets

INTRODUCTION
The patients' interest in aesthetically pleasing
orthodontic appliances has risen during the last decades
and the appliances offering this advantage are preferred,
especially among adult patients. The scientific evidence
in this field has become stronger in recent years,
although not in an analogous way to the demand for
these appliances. The clear aligner therapy and lingual

therapy still has some limitations in the spectrum of dental
movement: bodily tooth movement required in premolar
extraction patients is difficult to achieve and the degree of
accomplished extrusion or rotation could not be accurately
1,2

predicted.

The mean accuracy of tooth movement in the
2

clear aligner therapy is only 41%. There is also the issue
of compliance with clear aligner therapy. The overall
completion rate of initial aligners for patients who had 2
3

or more premolars extracted was only 29%. Therefore,

orthodontic treatment are the invisible way of treating the

lingual orthodontics is the only fixed orthodontic

malocclusion so far available. However, the clear aligner

technique that allows for full, three-dimensional control of

Received: December 11, 2013 Revised: December 25, 2013 Accepted: December 31, 2013
Reprints and correspondence to: Dr. Yu-Ching Huang, Sijhih Cathay General Hospital, New Taipei City, Taiwan
No.2, Ln. 59, Jiancheng Rd., Xizhi Dist., New Taipei City 221, Taiwan
Tel: 02-26482121 ext. 5083
E-mail: huayuching@gmail.com

196

J. Taiwan Assoc. Orthod. 2013, Vol. 25. No. 4

Lingual Orthodontics

tooth movement while maintaining the patient's everyday

the final results predictability and eliminating the variable

aesthetic aspect. Furthermore, there is no compliance

of human error that had affected manual archwire

issue. The purpose of this article is to review the history,

bending.

4

15-18

biomechanics, accuracy, caries outcome and patient's
perspective of lingual orthodontics.

2. BIOMECHANICAL CONSIDERATION
OF LINGUAL ORTHODONTICS

1. HISTORICAL ASPECTS AND

In labial orthodontics, the mechanics normally

EVOLUTION OF LINGUAL
ORTHODONTICS

involve canine retraction followed by upper and lower

The first multi-brace lingual appliances were

aesthetics are maintained throughout their treatment. This

introduced in the 1970s by Fujita in Japan and Kurtz in
the USA, originating from vestibular brackets modified
for lingual use. The lingual brackets invented by Kurtz
evolved over the years until the seventh generation.

5,6

Lingual orthodontics appliances had been looked on
by clinicians with great initial interest but, due to their
different biomechanical approach compared with labial
orthodontics, which has not always been fully considered,
and due to the resulting clinical problems, there was a
rapid decline in interest and the onset of diffused prejudice
concerning the possibility of obtaining the same results
with lingual orthodontics as with labial orthodontics.

7-9

These prejudices, added to the more demanding chair time
and the more complex orthodontic lab procedures, limited
the diffusion of lingual orthodontics in the past.

10,11

The

use of lingual orthodontics has progressively increased
due to the development of standardized clinical protocols
12

and new, more advanced technologies.

The introduction of improved Computer-Aided
Design and Computer-Aided Manufacturing (CAD-CAM)
technologies for single-patient fully customized lingual
brackets and for orthodontic archwire realization has
certainly played part in it. These developments allowed
the production of brackets of reduced space requirements
and smoother shape of the new appliances.

13,14

Highly

precise production of robotically formed stainless-steel,
NiTi, and titanium molybdenum alloy archwires has led to
an important reduction of chair time and the simplification
of the orthodontist's work while simultaneously improving
J. Taiwan Assoc. Orthod. 2013, Vol. 25. No. 4

incisor retraction. Lingual patients, however, demand that
means the avoidance of spaces between the lateral incisors
and canines during orthodontic treatment. Therefore, in
lingual orthodontics, the anterior segment is retracted as
one unit-"en masse retraction". En masse retraction can be
performed with sliding mechanics or loop mechanics.

19,20

Three different kinds of loops are commonly used: closed
helical loop, L loop, and T loop. Loop mechanics are
very effective for closing space without wire friction.
However, it is quite complicated to bend the wires with
the different loops, and it requires a lot of skills from the
orthodontists. The technique of sliding mechanics has the
advantage of being simple and effective for preventing
transverse bowing effects without using a transpalatal
arch. However, wire friction and uncontrolled retraction
force are the main disadvantages of sliding mechanics. As
a result, anchorage loss is apt to occur.
En masse retraction can cause many mechanical
problems such as loss of anchorage control and bowing
effect. It has been suggested that the lingual technique
provides superior anchorage control because of the smaller
arch perimeter, which in turn increases the rigidity of
21

lingual archwires during retraction. Takemoto compared
anchorage loss in labial versus lingual extraction cases
treated with loop mechanics and found higher anchorage
value of the posterior dentition in lingual cases.

22,23

He

suggested that the anchorage value of posterior teeth
in the lingual technique is higher than that of the labial
technique due to the proximity of the lingual brackets
to the center of resistance of the tooth. In addition, the
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direction of forces during space closure creates a degree

and possible expansion of the mid-arch. The mushroom

of buccal root torque and distopalatal rotation of the molar

arch, or "Christmass tree", and bowing arches are effective

crown, which in turn produces cortical bone anchorage.

in preventing transverse bowing effect.

Generally, lingual appliances provide good anchorage

archwires incombination with customized brackets

control and most malocclusions can be successfully

with vertical slot in the front from canine to canine and

treated by using traditional orthodontic anchorage and by
following basic mechanical principles. In certain cases
it may be necessary to consider reinforcing anchorage
with temporary anchorage devices; or where there is a
signiﬁcant skeletal jaw discrepancy, orthognathic surgery

bowing effects.

3. ANALYSIS OF FORCES AND
MOMENTS EXERTED BY LINGUAL
ORTHODONTICS

There are two different bowing effects that can
transverse bowing effect. Vertical bowing effect involves
forward tipping of posterior segment and lingual dumping
of anterior segment. The vertical bowing effect is the
most serious problem, since it cannot be avoided with
simple auxiliaries like transpalatal arches. When a strong
retraction force is used in an anterior-posterior direction,
the upper anterior segment (3-3) may tip lingually. The
bite plane effect of the upper lingual brackets can cause
posterior disclusion and consequently loss of lateral
occlusal function. As a result, vertical bowing effect
occurs. When the same amount of force is applied in
both systems (labial and lingual) and the intrusion force
equals the retraction force, the net force vector is pointed
directly towards the center of resistance in a labial system
but not in a lingual system. The net force vector in lingual
orthodontics will produce a lingual tipping force and
vertical bowing effect. Thus, the retraction force should be
minimized during en masse retraction, and more intrusion
and torquing force is needed to retract the anteriors in
23

lingual orthodontics than in a labial system. In applying
the mechanics, the gable bend (untipping bend) for loop

Ribbonwise

horizontal slot in the lateral could also prevent unwanted

may be a valid option.
occur. First is the vertical bowing effect and second, the

23,24

The labial and lingual orthodontics approaches are
quite different in their biomechanical principles. The
decrease in the interbracket distance at the anterior region
in lingual appliances increases the relative stiffness of
an archwire three times for the first-and second-order
25

bends and 1.5 times for third order bends. High stiffness
provides forces of higher magnitude, a less constant force
overtime as the appliance experiences deactivation, and
relatively difficulty in accurately applying a given force.

26

Additionally, the point of force application and the line
of force relative to the center of resistance are different
in lingual and labial orthodontics, a fact that could
27

substantially influence tooth movements. Sifakakis et
28

al. assess the effect of bracket type on the labiopalatal
moments generated by three lingual brackets and one
conventional bracket. (Lingual: incognito lingual brackets
(3M Uniteck); STb lingual brackets(ORMCO); In-Ovation
L lingual brackets (DENTSPLY GAC) and Labial:
Gemini; 3M Unitek).They found out that the Incognito
and STb lingual brackets generated the highest moments.
The lowest torque expression was observed at the selfligating lingual brackets, followed by the conventional

mechanics or the curve of Spee for sliding mechanics

brackets. The moment of the couple of forces created

should be incorporated into the arch wire to prevent the

from a rectangular archwire in lingual bracket systems

vertical bowing effect.

is influenced by the mode of ligation, i.e. conventional

The transverse bowing effect that can occur during
"en masse" retraction involves distal rotation of molars
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introduced Invisalign, a series of removable polyurethane

4. COMPARISION OF ACCURACY
IN TOOTH POSITIONED WITH A
FULLY CUSTOMIZED LINGUAL
ORTHODONTIC APPLIANCE AND
CUSTOM-MADE ALIGNERS

aligners, as an esthetic alternative to ﬁxed labial braces.
The Invisalign system uses CAD/CAM stereolithographic
technology to forecast treatment and fabricate many
custom-made aligners from a single impression.30

To understand lingual orthodontic tooth movement,
a method of quantiﬁcation of tooth position discrepancies
in 3 dimensions is needed. Brackets and wires now can
be fabricated by CAD/CAM technology on a setup made
at the beginning of treatment, so that treatment should
produce a reasonably precise duplicate of the setup. The
extent of discrepancies between the planned and actual
tooth movements can be quantiﬁed by registration of the
setup and ﬁnal models. A study by Dan Grauer et al.

29

showed that the fully customized lingual orthodontic
appliances were accurate in achieving the goals planned

Each aligner is programmed to move a tooth or a small
group of teeth 0.25 to 0.33mm every 14 days.

31

This

unique method of tooth movement has involved more
adults with orthodontic therapy. As Invisalign continues
to grow in consumer demand and professional use,
questions regarding the efﬁcacy of this system remain.
A study by Neal D. Kravitz et al.2 showed that the mean
accuracy of tooth movement with Invisalign was 41%.
The most accurate movement was lingual constriction
(47.1%), and the least accurate movement was extrusion
(29.6%)— speciﬁcally, extrusion of the maxillary (18.3%)
and mandibular (24.5%) central incisors, followed by

at the initial setup, except for the full amount of planned

mesiodistal tipping of the mandibular canines (26.9%).

expansion and the inclination at the second molars. They

The accuracy of canine rotation was signiﬁcantly lower

found that mesiodistal position discrepancies were small,

than that of all other teeth, with the exception of the

with most of the sample within 1 mm of the planned

maxillary lateral incisors. We still have much to learn

position. This would be expected because differences

regarding the biomechanics and efﬁcacy of the Invisalign

in arch form have only a small effect in the mesiodistal

system. A better understanding of Invisalign's ability to

position of a tooth. The second molars exhibited the

move teeth might help the clinician select suitable patients

greatest positional discrepancy between the planned
and achieved positions, probably because they were the

for treatment, guide the proper sequencing of movement,
and reduce the need for case reﬁnement.

terminal molars, where the archwire acts as a cantilever
instead of a supported beam. They concluded that for
both positional and rotational parameters, this customized
lingual technique was accurate in achieving the tooth
movement planned in the setup with most discrepancies in
position within±1 mm and most discrepancies in rotation
within±4 (except for the second molars). Further

5. CARIES OUTCOMES IN PATIENTS
TREATED WITH LINGUAL
ORTHODONTICS
Some orthodontists believe that the lingual
orthodontic patients have a significant increase in salivary
flow rate, decreasing the risk of caries during treatment.

research incorporating root information from Cone beam

However, some clinicians concern that the different

computed tomography (CBCT) will allow creating models

parts of the fixed orthodontic system may contribute to

to predict tooth movement.

change in the balance of the oral ecology. Problems of

Besides lingual orthodontic appliances, another

hygiene are rather subjective and depend especially on

esthetic alternative to fixed labial orthodontics is clear

the care taken by the patient. Indeed, the presence of

aligner. In 1998, Align Technology (Santa Clara, Calif)

brackets and ligatures has been shown to be related to

J. Taiwan Assoc. Orthod. 2013, Vol. 25. No. 4
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increased gingival inflammation and increased risk for

the hygiene. The brackets must be positioned at least 1mm

decalcification, which may affect up to 50% of patients.

away from the gingiva, to allow the removal of excess

One of the proposed advantages of lingual orthodontics is

composite and maintenance of oral hygiene. An extremely

their beneficial effect on reduced incidence of white spot

short clinical crown, frequent in the lower arch, may be an

lesions. van der Veen MH et al. 2010 tested a commonly

absolute contraindication for lingual technique

used lingual bracketing system (TOP Service for

of developing incipient caries lesions during orthodontic

Lingualtechnik, Bad Essen, Germany) as an alternative

treatment should not be underestimated by orthodontists.

to a commonly used buccal bracketing system (Orthos,

When caries outcome on the tooth surfaces is considered,

Ormco, Glendorra, CA,USA) to prevent caries lesions.33

.32

The risk

33

lingual brackets are in favor over buccal brackets.

In the group of 28 subjects participating in the study,
the number of new white spot caries lesions (WSL)
developing or progressing on bracketed buccal surfaces
was 4.8 times higher than the number of new WSL
developing or progressing on bracketed lingual surfaces.
When caries did develop on lingual surfaces, this was
primarily in the maxilla, in the lingual pits of the incisors
that were already affected by WSL before treatment, and
these could be ascribed to leakage. In fact, 56.6% of WSL
found after orthodontic treatment already existed before
treatment. Therefore, a more stringent examination for
WSL could have prevented the development of new WSL.
34

Another study by Amy E. Richter et al. concluded that
initial oral-hygiene score was moderately associated with
WSL. Treatment duration was significantly associated
with WSL. Patients in treatment for less than 22 months
developed on average 3 WSL, and those in treatment for
33 months or longer developed on average more than 5

6. THE PATIENTS'S PERSPECTIVE OF
DIFFERENT LINGUAL BRACKET
SYSTEMS
Patient problems have been documented in numerous
publications on the subject of lingual orthodontics.
The reported restrictions include: speech dysfunction,
restricted mastication, oral discomfort and oral hygiene
problems.

5,35,36

All the restrictions have been reported

solely in association with prefabricated lingual brackets.
Thomas Stamm el al. compared the influence of
prefabricated brackets (Ormco, seventh generation)
and customized brackets (Incognito) on subjective oral
comfort, speech, mastication and oral hygiene. While
no significant intergroup differences were recorded with
the respect to tongue position, conversation pattern,
swallowing or oral hygiene, the customized brackets
group experienced significantly fewer tongue space

lesions. Linear regression analysis suggested that, as the

restrictions, speech disturbances and impairments in

duration of fixed appliances increased by 1 month, 0.08

chewing and biting than the prefabricated brackets group.

new WSL developed.

Pressure sores, reddening or lesions to the tongue were

The widespread problem of WSL development is

recorded significantly less in the customized brackets

an alarming challenge and warrants significant attention

group. The enhanced patient comfort in the customized

from both patients and providers that should result in

brackets group was attributed to the smaller dimensions

greatly increased emphasis on effective caries prevention.

of the customized brackets. This aspect could play a role

Orthodontists should be aware of the high risk of WSL

in attracting more patients to lingual orthodontics in the

and decided at the patient level whether it is appropriate

future. Information given to the patient on the duration

to start or continue treatment in patients who are already

and extent of the restrictions associated with lingual

experiencing enamel demineralization. The clinical length

orthodontics must be differentiated according to the

of the crown is a very important factor when considering

bracket system used.
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CONCLUSION
During the last few years, the lingual orthodontics
has evolved. Customized bracket manufacturing provides
new opportunities, especially in lingual orthodontics.
New laboratory and indirect bonding techniques have
eliminated the need for intricate wire bending and have
reduced patient chair time and overall treatment time.
However, customized lingual treatment is more expensive
than regular orthodontic treatment, due to the high cost
of equipment and laboratory preparation, individually
executed for each patient. The increased cost of this
treatment, coupled with the resistance on the part of many
orthodontists to learn the new technique, seem to be the
limiting factors. As more examples of successful treatment
are seen, and more scientific based studies are shown,
dental practitioners will be more apt to refer patients to
orthodontists proficient in this technique.
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舌側矯正治療模式的改變
1
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汐止國泰綜合醫院
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2

現代齒顎矯正技術因為電腦科技的進步以及病人在矯正治療過程中對美觀的要求而有顯著的變化。
舌側矯正早在1972年就被發展出來，當時也曾紅極一時。但由於臨床操作困難、費時以及矯正醫師對
治療結果的不滿意，舌側矯正仍稱不上主流。拜電腦科技所賜，從1990年開始舌側矯正又再次受矚目。
各式新型舌側矯正器陸續被推出，朝著更小巧讓病人更舒服去改良，甚至發展出依照個人獨一無二的舌
側面製作出來的客製化矯正器。配合數位化的治療計畫、電腦模擬模型建立，甚至電腦輔助矯正線的彎
製，將以往繁瑣的舌側矯正技工部分化繁為簡。本篇最主要的目的是針對「舌側矯正」這主題，將近
年來發表的文獻回顧，做一歸納、整理，希望能帶給各位臨床醫師較全面的概念。(J. Taiwan Assoc.

Orthod. 25(4): 196-203, 2013)
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